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We have performed X-ray powder diffraction, magnetization, electrical resistivity, heat capacity
and inelastic neutron scattering (INS) to investigate the physical properties of the intermetallic
series of compounds CeCuBi2−xSbx. These compounds crystallize in a tetragonal structure with
space group P4/nmm and present antiferromagnetic transition temperatures ranging from 3.6 K
to 16 K. Remarkably, the magnetization easy axis changes along the series, which is closely related
to the variations of the tetragonal crystalline electric field (CEF) parameters. This evolution was
analyzed using a mean field model, which included anisotropic nearest-neighbor interactions and
the tetragonal CEF Hamiltonian. The CEF parameters were obtained by fitting the magnetic
susceptibility data with the constraints given by the INS measurements. Finally, we discuss how
this CEF evolution can affect the Kondo physics and the search for a superconducting state in this
family.
I. INTRODUCTION
The family CeTX2 (T = transition metals; X = Bi
and Sb) is an intensively studied series of tetragonal in-
termetallic compounds that host, in many cases, com-
plex magnetic behavior, non-trivial crystalline electric
fields (CEF) effects and competing exchange interactions,
which can tune their magnetic ground states from anti-
ferromagnetic (AFM) to ferromagnetic (FM) [1–7]. For
instance, one can highlight the antiferromagnetic com-
pounds with dominant CEF effects and metamagnetic
transitions, such as Ce(Cu,Au)Bi2 and CeCuSb2 [1–5];
the ferromagnets CeNiSb2 and CeCd0.7Sb2 [3, 6]; and
the peculiar compound CeAgSb2, which presents both
AFM and FM ordering at low temperatures [7]. Usually,
a series that presents easily tunable magnetic properties
from AFM to FM may provide an interesting playground
to search for the emergence of interesting physical phe-
nomena, especially in the crossover region between the
two phases.
Trying to follow this path, the antiferromagnetic
CeCuBi2 compound is a particular member of this se-
ries that orders antiferromagnetically at TN = 16 K
with moments along the c-axis, and has a tetragonal
ZrCuSi2-type structure (P4/nmm space group). Its
magnetic structure presents an antiferromagnetic cou-
pling between the Ce3+ ions along the c-axis and a ferro-
magnetic coupling within the ab-plane [1]. In addition,
this compound possesses a spin-flop transition for a field
of 5.5 T applied along the c-axis that corresponds to the
breakdown of the antiferromagnetic coupling. The large
magnetic anisotropy and the weak Kondo behavior in
CeCuBi2 suggest dominant CEF effects and anisotropic
RKKY (Ruderman–Kittel–Kasuya–Yosida) interactions
in this compound. Furthermore, the breakdown of the
de Gennes scaling observed for RECuBi2 (RE = rare-
earth)[9] usually indicates a complex and non-trivial
competition between RKKY interactions and tetragonal
CEF [10]. Recently, the ferromagnetic CeCd0.7Sb2 was
reported with a TC = 3 K. Similarly to CeCuBi2, this
compound presents a large magnetic anisotropy and a
weak heavy fermion behavior, suggesting that the CEF
effects and RKKY interactions are also dominant for this
compound [6].
Another aspect of the CeTX2 family is that they share
some similarities with the well known families of Ce-
based heavy fermion (HF) superconductors CeMIn5 (M
= Co, Rh, Ir) and Ce2MIn8 (M = Co, Rh, Pd), such
as the crystalline structure and high magnetic anisotropy
[11]. As such, chemical substitution and applied pressure
may also be used to tune the Kondo effect, CEF param-
eters and exchange interaction in these systems toward
to an unconventional superconductivity phase [12].
In this work we have combined X-ray powder diffrac-
tion (XPD), magnetization, electrical resistivity, heat ca-
pacity and inelastic neutron scattering (INS) to investi-
gate the physical properties of the intermetallic series of
compounds CeCuBi2−xSbx (x = 0 to 2). Our measure-
ments revealed an unusual evolution of the magnetization
easy direction for the series, which is closely related to
the changes in the CEF parameters. The interplay be-
tween the reported CEF evolution and its effect on the
Kondo physics is discussed in comparison to other fam-
ilies of Ce-based tetragonal heavy fermion compounds
where unconventional superconductivity has been found
[11].
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2II. EXPERIMENTAL DETAILS
Single crystals of CeCuBi2−xSbx were obtained us-
ing the flux-growth method with high pure elements (∼
99.99%) with the composition Ce:Cu:Sb:Bi = 1:1:x :20-x
if x ≤ 1 and 1:1:20-x :x otherwise. The sealed quartz tube
was heated up to 1050 ◦C for 12 h and then cooled down
at 15 ◦C/h. The excess of Bi flux was removed at 550
◦C and the Sb flux was removed at 670 ◦C. For all sam-
ples, the tetragonal crystal structure was determined by
room temperature XPD and the elemental analysis was
performed using both wavelength dispersive spectroscopy
(WDS) and energy dispersive spectroscopy (EDS) to ob-
tain the actual Sb concentration in the studied com-
pounds with an error of 5%. These are the x ’s values used
along this work. The EDS measurements have shown a
Cu-site vacancy of 14(3)% in our CeCuSb2 samples. In
fact, the observed physical properties reported here are
in good agreement with previously reported Cu deficient
CeCuSb2 samples 5. However, it is worth mentioning
that this Cu stoichiometry variation does not invalidate
and/or interfere on this work main results and conclu-
sions about the evolution of the crystalline electric field
and magnetic anisotropy along the CeCuBi2−xSbx series.
Magnetization measurements were performed using a
commercial superconducting quantum interference de-
vice (SQUID) magnetometer. Specific heat measure-
ments were done using a commercial small mass calorime-
ter that employs a quasiadiabatic thermal relaxation
technique. The in-plane electrical resistivity was ob-
tained using a dc resistance bridge in a four-contact con-
figuration. The INS experiments were performed using
the BT-7 double-focusing triple-axis spectrometer [13] lo-
cated at NIST Center for Neutron Research (NCNR).
The masses of the samples used for the INS experiments
were approximately 2 g and 6 g for the x = 0 and x =
0.6 compounds, respectively. Neutron scattering spec-
tra were collected as a function of energy transfer (2 -
30 meV) and temperatures (5, 20, 50 and 100 K), with
a vertically focused PG(002) monochromator and hori-
zontally focused PG(002) analyzer fixed at 14.7 meV. In
order to determine the phonon contribution to the INS
data, we have performed low-Q and high-Q experimental
runs. To improve statistics of the countings for the x =
0 compound, we have taken advantage of the nondisper-
sive nature of the CEF scattering and used non-powdered
single crystals to get a larger sample size. To increase
resolution in the low energy range for selected Sb doped
samples, we have also performed INS experiments with
a low-Q configuration at different temperatures (6, 15,
30 and 50 K) at the cold neutrons Spin-Polarized Triple-
Axis Spectrometer (SPINS) at the NCNR, using a verti-
cally focused pyrolytic-graphite (PG) monochromator to
select incident neutrons with longer wavelengths.
III. RESULTS AND DISCUSSIONS
Figure 1 presents the evolution of the tetragonal lattice
parameters which were extracted from Rietveld refine-
ments of the XPD data and confirm that all the samples
crystallize in a ZrCuSi2-type structure. We observe a re-
duction of the lattice parameter a (consistent with the
smaller size of Sb) and an increase of c with respect to
the x = 0 compound. As a consequence, one can see an
increase in the c/a ratio along the series.
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FIG. 1: Tetragonal lattice parameters c and a (and their
ratio c/a) determined by x-ray diffraction at room temper-
ature as a function of the Sb concentration for the series
CeCuBi2−xSbx compounds.
Figure 2(a)-(b) shows the temperature dependence of
the magnetic susceptibity χ(T ) for a magnetic field of
µ0H = 0.1 T applied parallel (χ‖) and perpendicular
(χ⊥) to the c-axis. The data reveal an AFM order for all
samples, with TN ' 16 K for x = 0 and TN ' 3.7 K, 3.9
K, 4.1 K and 5.6 K for the samples with x = 0.2, 0.6, 1.0
and 2.0, respectively. One can also notice that the large
magnetic anisotropy observed for CeCuBi2, in which the
magnetization easy axis is along the c-axis, reduces as
a function of Sb-concentration for CeCuBi2−xSbx up to
x = 0.6. At this concentration the magnetization easy
axis changes to the ab-plane, then for higher values of
x, the magnetic anisotropy starts to increase again but
with the magnetization easy axis remaining in the ab-
plane. The ratio χ‖/χ⊥ at TN along the series is equal
to 4.5, 1.1, 0.8, 0.6 and 0.6 for x = 0, 0.2, 0.6, 1.0 and
2.0, respectively. The TN and the magnetic anisotropy
ratio found for the CeCu1−ySb2 are consistent with the
previously reported Cu-deficient compound [5].
From Curie-Weiss fits to the polycrystalline average of
the magnetic susceptibility data for T > 150 K, we ex-
tract an effective magnetic moment of µeff = 2.5(1) µB
for all compounds in the series, consistent with the theo-
retical value of 2.54 µB for the Ce
3+ ion. Additionally, we
show in Table I the paramagnetic Curie-Weiss tempera-
tures (θCW ) obtained from these fits. The observed evo-
lution of the magnetic anisotropy along the series, which
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FIG. 2: Temperature dependence of the magnetic susceptibility (log-linear) measured with a field of 0.1 T applied (a) parallel
(χ‖) and (b) perpendicular (χ⊥) to the c-axis for CeCuBi2−xSbx. Field dependence of magnetization measured with the
magnetic field applied (c) parallel and (d) perpendicular to the c-axis. The curves of the compounds x = 0 and 0.2 with the
magnetic field applied parallel to the c-axis was performed at 0.6 and 1.3 K, respectively, with the magnetic field of 0 - 17.0 T.
The red solid lines in (a) and (b) are the best fits of the data using the CEF mean field model discussed in the text. [Note: 1
emu = 1 G cm3 = 10−3 A m2].
becomes nearly isotropic for x = 0.2, strongly indicates
interesting changes of the Ce3+ (J = 5/2) CEF schemes.
Figure 2(c)-(d) displays the low temperature magneti-
zation as function of the applied magnetic field M(H) for
all studied compounds. The change of the magnetization
easy axis in the series is also evident in these data. We
can observe the suppression of the spin-flop transition
observed for CeCuBi2, when the field of 5.5 T is applied
along the c-axis (H ‖ c). For the doped compounds, this
metamagnetic transition is rapidly suppressed. For an
incorporation of 0.2 of Sb, only a small kink around 3 T
can be seen and it may be associated with changes in the
magnetic structure. Moreover, we see a clear increase of
the magnetization for fields applied perpendicular to the
c-axis (H ⊥ c) as a function of Sb substitution.
The specific heat divided by the temperature as a func-
tion of the temperature is displayed in Figure 3. The
peak anomaly in the data defines TN = 16.5 K, 3.8 K,
4.3 K, 4.5 K and 5.6 K for x = 0, 0.2, 0.6, 1.0 and 2.0,
respectively, in excellent agreement with magnetic sus-
ceptibility merasurements (Figure 2). Futhermore, the
magnetic contribution of the specific heat (cmag) can
be obtained by subtracting the specific heat of the non-
magnetic analog LaCuBi2, from which we extracted the
magnetic entropy (Smag) recovered up to TN , in units
of Rln(2). The obtained values for Smag were 80%, 70%,
70%, 80% and 70% of Rln(2) at TN for x = 0, 0.2, 0.6, 1.0
and 2.0, respectively. These values suggest that the mag-
netic moments of the Ce3+ CEF ground state are slightly
compensated by the Kondo effect and/or by magnetic
frustration effects. Additionally, we have estimated the
Sommerfeld coefficient γ using an entropy-balance con-
struction [S(TN − ) = S(TN + )]. The rough extracted
values of γ were ∼ 250 mJ/mol.K2 for x = 0, and then
∼ 1000 mJ/mol.K2 for x = 0.2, 0.6 and 1.0 and finally
∼ 700 mJ/mol K2 for x = 2.0. It should be noted that,
since a non-magnetic analog compound is not available
for the x > 0 samples to allow a proper subtraction of
the phonon background contribution to the specific heat
and our analyses do not include a rigorous treatment of
the magnetic/Kondo excitation contributions, the γ val-
ues reported here for the studied samples should be taken
with care and only their order of magnitude and evolu-
tion should be considered.
In Figure 4 we report the in-plane electrical resistivity
ρab normalized by the room temperature value as a func-
4tion of temperature. The room temperature electrical
resistivity values range from 80 to 160 µΩ-cm. At lower
temperatures, a small kink at TN is observed for each
sample due to the transition to the ordered state. At
higher temperatures (T > 150 K), ρab(T ) decreases with
decreasing temperature as expected for an intermetallic
compound. For T < 150 K, we notice an increase in the
resistivity, which may be related to a single impurity-
like Kondo magnetic incoherent scattering [14], that is
typical behavior of a Kondo Lattice for temperatures
above the coherence temperature. As the temperature
drops, we observe the appearance of a local maximum
in the resistivity, which is one of the signatures of HF
compounds. The resistivity reaches this local maximum
when the Kondo scattering becomes coherent at Tcoh =
50 K, 19 K, 16 K, and 6 K for x = 0, 0.2, 0.6 and 1.0,
respectively. It is important to emphasize that CEF ef-
fects can also give some contribution to the formation of
this maximum at Tcoh when the energy scales are compa-
rable. For x = 2.0 the drop in resistivity occurs only at
TN , so we could not clearly extract a Tcoh value for this
sample. Interestingly, the decrease in Tcoh as a function
of Sb concentration can indicate a clear evolution of the
CEF effects and/or the Kondo coherence for the whole
multiplet for Ce3+ in this compounds.
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FIG. 3: Specific heat as a function of the temperature for
the series of CeCuBi2−xSbx compounds.
In order to understand the evolution of the physical
properties of the CeCuBi2−xSbx compounds, we have
performed an analysis of the magnetic susceptibility data
for T > 10 K using a mean-field model for the doped
compounds including the anisotropic exchange interac-
tion between nearest neighbors and the tetragonal CEF
Hamiltonian with a Zeeman effect contribution:
H = B20O
0
2 +B40O
0
4 +B44O
4
4 + ziJi · 〈J〉 − µ ·B (1)
where Bnm are CEF parameters, O
m
n the Steven’s opera-
tor and ziJi represents the exchange interactions between
first (i = FN) and second neighbors (i = SN). The pos-
itive value of ziJi corresponds to an AFM interaction
and a negative to a FM interaction. For a complete de-
scription of this theoretical model see Ref.[15]. In Table
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FIG. 4: In-plane electrical resistivity as a function of the
temperature (linear-log) for the series of CeCuBi2−xSbx com-
pounds. The colored arrows show the evolution of TN (red
arrow) and Tcoh (black arrow) throughout the series.
I, we present the CEF parameters and scheme of lev-
els obtained from the best fits to our data. From that,
one can see that Sb substitution is clearly affecting the
CEF parameters in this series. For instance, one can
notice a change of the Γ7 CEF ground state, from a Γ
1
7:
{α|±5/2〉−β|∓3/2〉} to a Γ27: {β|±5/2〉+α|∓3/2〉} at x
= 0.6. Also, a decrease in the contribution of the |±5/2〉
orbital is observed for increasing Sb concentration. Re-
markably, for x = 0.2 the CEF scheme configuration is
very close to a CEF scheme of Ce3+ (J = 5/2) in cubic
symmetry, with a doublet ground state and a quartet-like
state as the first excited state (Γ7 and Γ8) [16]. This is
an unexpected result for a tetragonal compound and is
consistent with the small magnetic anisotropy observed
for this composition in the magnetic susceptibility data
(see Figure 2). Additionally, for x ≥ 0.6 the Γ6 wave
function becomes the first excited state and, for x = 1.0,
the Γ6: {| ± 1/2〉} is relatively close to the ground state
(15 K). It is important to mention that it has been pre-
viously reported that a Γ6 for the ground state favors
a ferromagnetic ordering for Ce-based isostructural fam-
ilies of compounds [2]. For instance, both CeCd0.7Sb2
and CeAgSb2 have a Γ6 ground state [6, 7].
We now discuss the effects of the CEF parameters evo-
lution as a function of Sb substitution on the magnetic
properties. Comparing the pure compounds CeCuBi2
and CeCuSb2, a similar θCW is observed, however TN
is strongly suppressed in CeCuSb2. Certainly, the evolu-
tion of the CEF effects as a function of Sb substitution is
the key ingredient that can lead to a CEF induced mag-
netic frustration, which reduces TN for the Sb-rich com-
pounds [15]. The ratio |θCW |/TN , summarized in Table
I, increases as a function of Sb substitution, which re-
inforces the magnetic frustration scenario. Besides that,
the decrease of the values ziJi indicates a reduction of
the AFM and FM interactions, opposed to the increase
of the magnetic frustration, reinforcing the scenario of
5TABLE I: Ne´el temperature, Curie-Weiss temperature, magnetic frustration parameter (|θCW |/TN ), CEF parameters Bnm,
isotropic exchange interaction between first (i = FN) and second neighbors, energy-level scheme and the corresponding wave
functions for the series CeCuBi2−xSbx.
x TN (K) θCW (K) |θCW |/TN B20 (K) B40 (K) B44 (K) zFN ∗ JFN (K) zSN ∗ JSN (K)
0.0 16.5 -23(1) 1.4(1) -8.25(25) 0.17(2) 0.50(10) 1.34(4) -1.15(10)
0.2 3.8 -13(3) 3.4(7) -0.05(10) 0.03(1) 0.17(2) 1.41(3) -0.22(5)
0.6 4.3 -5(3) 1.2(6) 0.55(15) 0.11(1) -0.65(2) 1.85(5) -0.98(7)
1.0 4.5 -9(3) 2.0(7) 2.45(10) 0.085(5) -0.61(11) 1.69(5) -0.66(4)
2.0 5.6 -20(2) 3.6(3) 1.85(60) 0.07(1) -0.99(9) 2.71(9) -0.21(6)
Energy levels and wave functions
x Ground state First excited state Second excited state
0.0 0.98(1)| ± 5/2〉 − 0.21(3)| ∓ 3/2〉 0.19| ± 5/2〉+ 0.98(12)| ∓ 3/2〉 at 63(3) K | ± 1/2〉 at 161(4) K
0.2 0.38(5)| ± 5/2〉 − 0.91(3)| ∓ 3/2〉 0.91(3)| ± 5/2〉+ 038(5)| ∓ 3/2〉 at 12(1) K | ± 1/2〉 at 13(1) K
0.6 0.40(1)| ± 5/2〉+ 0.92(1)| ∓ 3/2〉 | ± 1/2〉 at 38(2) K 0.92(1)| ± 5/2〉 − 0.40(1)| ∓ 3/2〉 at 50(1) K
1.0 0.28(2)| ± 5/2〉+ 0.96(1)| ∓ 3/2〉 | ± 1/2〉 at 15(2) K 0.96(1)| ± 5/2〉 − 0.28(2)| ∓ 3/2〉 at 60(3) K
2.0 0.43(5)| ± 5/2〉+ 0.89(2)| ∓ 3/2〉 | ± 1/2〉 at 20(5) K 0.89(2)| ± 5/2〉 − 0.43(5)| ∓ 3/2〉 at 64(6) K
CEF effects dominating these frustrations.
In Figure 5 we display a phase diagram with the most
relevant physical quantities. The value of TN follows the
behavior of |θCW | at first, however this trend is broken
at x = 1.0, primarily due to the CEF effects. The in-
crease observed in the γ value and the constant percent-
age of magnetic entropy recovered at TN as a function
of x, suggest that the Ce3+ magnetic moments are being
slightly compensated in the ground state by Kondo in-
teractions, which can also contribute to the decrease of
TN . However, the suppression of Tcoh which goes into
the ordered state as a function of Sb, suggests that the
Kondo effect does not follow the increase of γ, which
may come mainly from the CEF ground state. Interest-
ingly, the behavior of |B20|, which is the most relevant
parameter for a tetragonal CEF hamiltonian, exhibits a
remarkable trend following TN as a function of Sb sub-
stitution. This is in agreement with the CEF induced
magnetic frustration scenario leading to the suppression
of TN [15]. This can also affect Tcoh and γ in the ground
state. The η value defined as the | ± 5/2〉 orbital con-
tribution to the ground state, also shows an interesting
evolution with TN . Besides that, one can see that for x
≥ 0.2 the |±3/2〉 orbital has the most contribution in the
ground state, what is not usually observed for an AFM
compound of the CeTX2 family.
In the CeMIn5 (M = Co, Ir and Rh) family of un-
conventional superconductors, compounds with a larger
| ± 3/2〉 orbital contribution exhibit superconductivity
at low temperatures [17]. Moreover, these compounds
present a magnetic anisotropy with the c-axis as the easy
axis. In our case, although we have found a CEF ground
state with a higher |±3/2〉 contribution, the CEF scheme
is closer to a cubic symmetry, with a β ≈ 0.9 [16]. In ad-
dition, the direction of the magnetic moment of Ce3+ ion
in the series moves towards of the ab-plane, as observed
in the magnetic susceptibility measurements. Possibly,
these two properties may not favor a superconducting
state in CeCuBi2−xSbx.
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FIG. 5: Phase diagram showing the values of TN , |θCW |, γ,
Tcoh, |B20| and η for CeCuBi2−xSbx.
To gain a microscopic insight and to confirm the ob-
tained CEF wave functions and energy levels, we turn
now to the discussion of the INS measurements per-
formed on the x = 0 and x = 0.6 compounds. The data
are reported in Figure 6 (a)-(c). For the x = 0 compound
(Figure 6(a)), the INS experiments at T = 20 K, 50 K
and 100 K with a reciprocal wave vector of Q = 1.8 A˚−1
showed four excitation peaks at ∆E = 5.5, 14.0, 18.5 and
24.6 meV. It is important to notice, the two low energy
peaks show a decrease in the intensity as the tempera-
ture increases, consistent with INS peaks that are due
to CEF excitations from the ground state, whereas the
high energy peaks were found to be nearly temperature
independent. To confirm that the ∆E = 18.5 and 24.6
meV peaks are from phonon density-of-states scattering,
6measurements at higher Q (not shown) were taken. At
higher Q we observed an increase in the intensity of the
18.5 and 24.6 peaks, as expected for phonon scattering,
in contrast to magnetic scattering, which decreases for
higher Q according to the magnetic form factor. The
broadened peaks of the CEF excitations are probably due
to the Kondo scattering. To further analyze the data, we
subtracted from the experimental data an appropriate
background of the elastic and phonon contributions to
the INS spectra using a combined polynomial and Gaus-
sian best fits to the data at 100 K. The subtracted data
are shown in Figure 6(b) with two Gaussian fits of the
CEF excitations on ∆E = 5.5 and 14.0 meV.
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FIG. 6: Inelastic neutron scattering spectra for the com-
pound (a) CeCuBi2 and (c) CeCuBi1.4Sb0.6; Subtracted data
fit with Gaussians for (b) CeCuBi2 and (d) for CeCuBi1.4Sb0.6
(red solid line).
In Figure 6(c) we report the INS spectra for a low-Q
(1.4 A˚−1) and a high-Q (3.3 A˚−1) configuration at 5 K
and 20 K for the x = 0.6 compound. We can observe a
clear difference of intensity between the low-Q and high-
Q spectra in the region of 2 to 4 meV (20 to 50 K, where
1 meV corresponds to 11.6 K in thermal energy.), which
is probably related to CEF excitations. That excitation
would be consistent with the CEF scheme proposed from
the magnetic susceptibility fit, which provides two dou-
blets at 40 K and 50 K (Table I). These values of the en-
ergy splittings together with the broad linewidths would
make it difficult to distinguish more than one peak in
the INS spectra, as one can observe in Figure 6(c). Fur-
thermore, as mentioned before, the Kondo effect usually
causes a broadening in CEF excitation peaks, preventing
a clear distinction of the possible two peaks in that small
∆E region. Therefore, the region between 2 and 4 meV
could have more than one peak of CEF excitations. For
this reason, we have tried to perform the INS experiment
on the SPINS beamline, which has better energy resolu-
tion than the BT-7 beamline used for the experiment
displayed in Figure 6. However, the experiment was not
conclusive due to the low neutron flux of the beamline
and to the ∆E closest to a high-intensity elastic peak
(data not shown).
“In the region between 6 to 8 meV, we can observe a
sharp peak-like feature in the difference of the low-Q and
high-Q spectra, which appears to increase as a function
of temperature. If this feature were associated with CEF
effects, this increase would suggest that this supposed
CEF excitation would be related to a transition from a
first excited state to a second excited state, giving us an
energy splitting ∆E ≈ 7 meV. Such a CEF scheme gives
rise to a larger magnetic anisotropy than the one that we
have obtained in our experiments for the x = 0.6 com-
pound. Besides that, the peak profile after the spectra
subtraction provides width values close to the instrumen-
tal resolution, leading to us to disregard this peak as a
CEF excitation. Therefore, we could not fit the complete
set of data with this alternative CEF scheme. For this
reason, we have only considered the first peak as a CEF
excitation. In Figure 6(d) we showed the subtraction of
the low-Q by the high-Q spectra fit using a Gaussian
peak.
The Gaussian curves shown in Figure 6(b) were used
to compare the CEF excitations of the INS experiments
with the CEF scheme obtained from the magnetic sus-
ceptibility fits. These analyses were made by correlating
the ratio of each neutron scattering cross-section due to
a CEF excitation, with the ratio of the integrated inten-
sity of each CEF peak of the INS spectra. The differen-
tial cross-section for the neutron scattering due to a CEF
transition from an initial to a final state used is expressed
as:
d2σ(i→ j)
dΩdE′
= N
kf
ki
(
~γe2
mc2
)
e−2W
∣∣∣∣12gJf(Q)
∣∣∣∣2 (2)
×
∑
i,j
ni|〈i|J⊥|j〉|2δ(Ei − Ej + ~ω)
where f(Q) is the magnetic form factor, kf and ki are the
initial and final neutron wave vectors, and ni is the popu-
lation of the initial state. For that analysis, we have used
a CEF level scheme similar to the one obtained from the
magnetization fits (Table I), which is a Γ17 → Γ27 → Γ6 in
the ground state, first and second excited state, respec-
tively. Thereby, we were able to estimate the mixing pa-
rameters α and β for the x = 0 compound, and the results
are shown below. This CEF level scheme obtained by the
7INS experiment was used to fit the magnetic susceptibil-
ity shown in Figure 2 providing a small modification of
the CEF parameters from the previously published CEF
scheme [1], and these updated values are presented in
Table I. Since we were not able to distinguish individ-
ual peaks in the INS spectra of the x = 0.6 compound,
this analysis for the integrated intensity was not possible.
The wave functions extracted in the INS data for the x
= 0 compound is shown below. The saturation magnetic
moment of the proposed ground state is 1.7 µB , similar to
the one obtained in Figure 2(c), indicating small Kondo
compensation for this compound.
Γ17 : {0.9(1)| ± 5/2〉 − 0.2(2)| ∓ 3/2〉} at 0 meV (0 K)
Γ27 : {0.2(2)| ± 5/2〉+ 0.9(1)| ∓ 3/2〉 at 5.5 meV (65 K)
Γ6 : {| ± 1/2〉} at 14 meV (162 K)
IV. CONCLUSIONS
We have presented a detailed study of the evolution of
CEF effects inducing magnetic anisotropy on the series
of antiferromagnetic CeCuBi2−xSbx compounds, using
room temperature X-ray powder diffraction, low temper-
ature field-dependent magnetization, magnetic suscepti-
bility, specific heat capacity, electrical resistivity, and in-
elastic neutron scattering. The substitution of Bi by Sb
in the compound has induced modifications of CEF pa-
rameters, which lead to a change of the magnetic easy-
axis from the c-axis to the ab-plane. Such change is asso-
ciated with an increase of the magnetic frustration, along
with a consequent suppression of TN , as a function of Sb
concentration. Using a model of a tetragonal CEF Hamil-
tonian to fit the magnetic susceptibility measurements,
we have found the evolution of Ce3+ CEF wave func-
tions and energy levels, which reproduces the behavior of
the magnetic anisotropy found as a function of Sb con-
tent. INS experiments were performed on the compounds
CeCuBi2 and CeCuBi1.4Sb0.6 to successfully verify these
CEF schemes. Further microscopic experiments, such as
X-ray absorption and nuclear magnetic resonance, would
be highly desirable to confirm the trend along the series.
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